Dialysis patients have a tendency to bleed, and clinicians sometimes encounter cases with a significant amount of spontaneous hemorrhage. We herein report two cases of spontaneous renal hemorrhage in hemodialysis patients. Case 1: A 70-year-old male who had received hemodialysis for 8 years presented with right abdominal pain. He had a history of renal failure due to diabetes mellitus. CT showed a right perirenal hemorrhage. Angiography revealed a right renal artery hemorrhage, and catheter embolization was performed. Case 2: A 76-year-old male who had undergone 7 years of continuous ambulatory peritoneal dialysis and 1 year of hemodialysis presented with right abdominal pain. He had a history of renal failure due to IgA nephropathy. CT showed a right perirenal hemorrhage. He received a blood transfusion and was put on absolute bed rest. At 2 days after admission, his anemia was found to have improved.
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Introduction
Spontaneous subcapsular or perirenal hematomas are relatively uncommon but often diagnostically challenging conditions. The appropriate treatment of such patients is based first on the diagnosis that a subcapsular or perirenal hemorrhage has occurred, and second on the determination of its cause. An accurate diagnosis of the cause requires a combination of clinical information and radiologic imaging [1] . In this report, we describe two cases of spontaneous renal hemorrhage in hemodialysis patients and discuss the diagnosis and management of renal hemorrhage.
Case Report
Case 1
Patient: 70 years old, male. Chief complaint: Right abdominal pain. Past history: Hypertension since age 55, diabetes mellitus since age 58, and chronic renal failure since age 68.
Current Medical History
Ten hours after regular hemodialysis, the patient presented with right abdominal pain and came to our hospital. His laboratory data showed slight anemia with a hemoglobin (Hb) level of 9.2 mg/dl, which was almost his normal level. Although his abdominal pain was improved, he was not able to leave his bed due to orthostatic hypotension with systolic blood pressure from 100 to 50 mm Hg, so he was admitted to our department.
The next day (26 h from admission), he had cardiac arrest. After cardiopulmonary resuscitation was performed, an abdominal computed tomography (CT) showed right perirenal hemorrhage and the laboratory data showed a decreased Hb level of 4.2 mg/dl ( fig. 1 ). Based on a diagnosis of hemorrhagic shock, an emergency angiography was performed. The right branch of his renal artery was leaking, so coiled catheter embolization was performed ( fig. 2) . Although the blood leakage was stopped, the patient's hemodynamics were unstable, and he died 47 h after admission. Pathological autopsy confirmed the diagnosis of right renal artery rupture.
Case 2
Patient: 76 years old, male. Chief complaint: Right abdominal pain. Past history: Hypertension since age 61, IgA nephropathy since age 59, and chronic renal failure since age 67.
Current Medical History
At the end of regular hemodialysis, the patient experienced right abdominal pain and was referred to our hospital for further examination. His laboratory data showed anemia, with a Hb level of 6.2 mg/dl and tachycardia of 96 beats per minute. CT examination showed a right perirenal hemorrhage ( fig. 3b) . Because his hemodynamics were stable after 4 units of blood had been transfused, emergency angiography was not performed, and the patient was put on absolute bed rest. Two days after admission, a CT scan revealed no widespread hemorrhage in the retroperipheral area. A contrast CT scan was performed for further examination, revealing acquired cystic disease of the kidney (ACDK), but no apparent renal tumor was detected ( fig. 3b and c) . Because the patient was suspected to have a renal tumor rupture and renal failure, we recommended a nephrectomy, but the patient refused the operation. Therefore, follow-up every 3 to 6 months by CT scanning was decided upon. At 18 months after the hemorrhage, the follow-up CT showed complete resorption of the perirenal hemorrhage ( fig.  3d ).
Discussion
Platelet aggregometry appears to be of little help for clinically assessing the severity of uremic bleeding diathesis in hemodialysis patients [2, 3] . Uremic patients have a bleeding tendency associated with platelet dysfunction [4] , because platelets from uremic patients have a reduced aggregating response to adenosine diphosphate, epinephrine, and collagen [5] . Uremic platelets also have a defective interaction with vessel subendothelium, and radioligand studies have indicated an impaired binding of fibrinogen to adenosine diphosphate-stimulated uremic platelets [6, 7] . Anemia, increases in nitric monoxide, and irregularities in von Willebrand factor are also related to a bleeding tendency, regardless of the platelet status.
Prevention and treatment options for bleeding include one or a combination of the following: erythropoietin, cryoprecipitate, desmopressin, and conjugated estrogens [8] . Iseki et al. [9] reported that the relative risk in chronic dialysis patients compared to normal subjects is 10.7 for cerebral hemorrhage and 4.0 for subarachnoid hemorrhage. In previous reports, the reason for spontaneous rupture of the kidney involved a malignant tumor in 33.3% of cases, a non-malignant tumor (such as an angiomyolipoma) in 24.4%, an arteriovenous malformation in 17.9%, an infection in 10.3%, nephritis in 5.1%, hematologic disease in 5.1%, and other causes in 3.0% of patients [10] .
A total of 74% of patients who had received hemodialysis for more than 4 years had ACDK, and 80% of renal cell carcinomas in hemodialysis patients were related to ACDK [11] . A possible mechanism underlying the spontaneous rupture of renal cell carcinoma was thought to be renal vein congestion due to tumor thrombosis, vessel rupture due to exponential tumor growth, and direct invasion of the tumor into the renal vessels, but these are apparently not the major causes of ruptures [12].
Belville [13] suggested that CT scanning is the most valuable examination for patients with spontaneous renal hemorrhage. On the other hand, the evaluation of renal tumors which caused spontaneous hemorrhage was very difficult, and resulted in only about 60% detectability [12] . Moreover, the tumor size and rupture frequency were not correlated, and spontaneous renal rupture even when tumor size was only 1 cm has been reported [14] . Therefore, the potential risk of renal tumors should always be considered when choosing a conservative therapy for spontaneous renal rupture. Neither magnetic resonance imaging nor angiography was any more effective than CT for detecting renal tumors [10, 15] .
The relative risk of renal cell carcinoma in hemodialysis patients was found to be 13.3-to 29-fold higher than in normal subjects, and the hemodialysis patients have a risk of 2.3 to 3.3% of developing renal cell carcinoma. Moreover, patients who have received hemodialysis for more than 10 years have a 3.8-fold higher relative risk of renal cell carcinoma than patients who have been on hemodialysis for a shorter period of time.
Kendall et al. [16] strongly propose radical nephrectomy as the appropriate approach for treating these tumors; however, Bosniak [1] reported that because these patients can be followed up carefully and relatively noninvasively with repeat CT studies, aggressive surgical intervention is not justified. The need to follow-up these patients until the hematoma is completely resorbed or a diagnosis is made has also been stressed because of the reported association between perinephric hemorrhage and small renal cell carcinoma [13] . Thus, radical nephrectomy or careful follow-up observations are required for spontaneous renal hemorrhage, even when there are no CT findings of a tumor. 
